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Appendices. 
This report is an extract of the points of interest from field 
note books (which could also be made available) and will be 
writ ten up as scientific papers for publication in relevant 
journals on completion of further analysis of original data, 
identification of the numerous plant specimens and genetic 
analysis of the specimens of plants of Crassula helmsii 
collected during the visit. 
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1.1 Introduction and background to the Fellowship. 
The Fellowship developed out of the realization that the 
plant Crassula helmsii (Kirk) Cochayne, was likely to become 
widely distributed and to dominate many damp and wet areas of 
nature reserves, recreational waters and agricultural drainage 
of Britain. Thus from the initial identification of Crassula 
helmsii by Derek Westlake, also of the River Laboratory, as 
part of the regular identification or confirmation of botanical 
specimens received by the laboratory and the chance meeting 
with a lake owner, by the Fellow, F.H. Dawson, whose lake 
had been invaded by this plant, led to an investigation of the 
plant. This included preliminary studies of its biology and 
particularly its rapid growth ra te , rapid vegetative spread over 
a range of field sites and rapid establishment from very small 
fragments in laboratory trials. A detailed compilation of data 
of field records from the U.K. vice-county recorders and other 
active botanists and colleagues (c200) confirmed that this plant 
was beginning to spread rapidly to new s i tes . 
The aim of the Fellowship was to study Australian Swamp 
Stonecrop in its natural habitat where it is in balance with its 
environment. This contrasts with its rapid and widespread 
distribution in the U.K. where its growth interferes with the 
use of fisheries and amenity lakes but also reduces the value 
of nature reserves and sites of special scientific interest by 
suppressing native flora. It was proposed to observe its growth 
at a variety of sites over its natural distribution and to 
include some environmental factors, e .g . water-level , 
water-chemistry (nutrients, acidity and alkalinity), 
frost- tolerance, salinity, with the help of portable sensors, 
locally-available services or data. Collection and tentat ive 
identification of fauna, particularly those apparently causing 
damage to plants and also associated flora possibly causing 
suppression of growth were to be undertaken to indicate if 
enhancement of native species will be a viable future line of 
a t tack , in preference to the consideration of the introduction 
of alien species into the U.K. Preliminary contact was made 
with biologists at four centres in Australia who were willing to 
consider allowing short-term use of their facilities, and assist 
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with local knowledge of sites and in recommendations for travel 
and accomodation; specialist botanical and entomological 
contacts were also made in the U.K. for the completion of any 
preserved samples brought back. Subsequently it became 
possible to consider the return of living material of Crassula 
helmsii from Australia to allow the probable source of the 
U.K. material to be identified using electrophoretic techniques 
to show the similarities in isoenzyme patterns which are an 
expression of genetic variation. 
1.2 Itinerary and rationale of the Fellowship. 
The Fellowship allowed for 8 weeks travel in Australia to 
allow time to study the plant in its natural habitat which was 
know to include the coastal areas of the southern half of the 
continent i . e . Western Australia, South Australia, New South 
Wales, Victoria, Tasmania, with the possibility of southern 
Queensland. The overall objective was to determine the 
environmental range by visits to selected sites of Crassula 
helmsii over its geographic range (Figure 1). Therefore the 
first objective in each area (State) was to obtain the best 
local advice. Thus, following an application to collect plant 
material , a visit was made to the appropriate Herbarium to 
study specimens, the Botany departments of the local 
Universities for advice and then the Botanical Gardens to 
become familiar with other native flora before spending 
veral days visiting field si tes. The opportunity was also 
taken to discuss the particular specialisations of researchers 
at the above and these are summarised in a general report on 
the distribution, study and control techniques of water plants. 
Of particular interest were (1) electrophorotic separation of 
isoenzymes or allozymes for use in taxonomic identification of 
strains of plants (2) study techniques for vegetative hydraulic 
roughness and the growth and development of plants in 
differing flows. 
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Figure 2. The distribution of Crassula helmsii as determined 
from herbarium record sheets. 
Figure 1. The distribution of Crassula helmsii 
(from Toelkan 1981) 
Figure 3. Australia (a) distribution of rainfall (b) a l t i tude . 
Itinerary 
Jan 15 Arrive Perth, Western Australia 
16 Western Australian Herbarium 
17 Dept. of Zoology University of Western Australia, 
Nedlands, and field sites 
18 Dept. of Botany, University of Western Australia, 
Nedlands, and field sites 
19 Dept. of Biology, University of Murdoch, and field 
sites 
20 Wildlife Research Centre, Wanaroo 
Botanic Gardens, Perth 
21- Field trip north to Eneabba via Nambung National Park 
and coastal lakes; inland to Yarra Yarra lake area; 
South west to Stirling Ranges via Toodyay and Wagin; 
Mount Barker to Albany and along coast to Walpole; 
-29 North west to Perth via Manjimup and Bunbury 
30 Perth to Adelaide, South Australia (by air) 
31 River Murray Laboratory, Depts. of Zoology and Botany 
Feb 1 The University of Adelaide 
2 The Botanic Gardens of Adelaide and State Herbarium 
3 Adelaide to Melbourne, Victoria, with field visits 
north east via Murray Bridge and Mannum; south through 
Coorong National Park to Robe; east to Naracoorte; and, 
6 eas ter ly via Black mountains and Bal la ra t . 
7 Centre for Environmental Applied Hydrology, University 
of Melbourne, Parkvi l le 
8 Royal Botanic Gardens and National Herbarium, Melbourne 
9 Centre for Stream Ecology, Dept. of Zoology, Monash 
University, Clayton 
10 Field visit to east of Melbourne 
11 Field visit to west of Melbourne 
12 Melbourne to Hobart, Tasmania (by air) 
14 Dept. of Plant Sciences, University of Tasmania 
Tasmanian Herbarium 
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15 Field visit to Hartz mountains in south via Snug Tiers 
mountain and Peninsula 
16- Field visit to West coast near Macquarie Heads via New 
Norfolk area, Mount Field National Park, Ouse Area, 
Cradle Mountain and Lake St .Cla i r National Park, Wild 
Waters National Park and return to Hobart via Great 
-18 Lake. 
19 Field visit south easter ly to Dunalley via coast road 
20 Hobart to Melbourne (by air) and Griffith, New South 
Wales 
21- CSIRO Division of Water Resources, Griffith Laboratory 
22 and local field trip 
New South Wales Water Resources Commission 
23- The Murray-Darling Freshwater Research Centre, Albury 
-24 Wadonga and local field trip 
24- Albury to Canberra via Mount Kosciusko National Park 
-26 and Snowy Mountains 
27- Canberra, National Parkland Wildlife Service 
CSIRO Division of Plant Industry 
Australia National Herbarium 
Canberra Herbarium at Botanic Gardens 
-28 Australian Winston Churchill Memorial Trust Offices 
Mar 1- Canberra to Sydney with field visits via Lake George 
-2 and Morton National Park on Great Dividing Range 
3 National Herbarium of New South Wales, Sydney 
4- Sydney to Armidale with field visits to 
-5 Mount Kaputar National Park 
6 Dept. of Botany at University of New England, Armidale 
Herbarium Local field visits 
6- Armidale to Brisbane, Queensland across 
-8 Northern Tablelands via Warwick and Ipswich 
9 Queensland Herbarium, Brisbane area 
10 CSIRO Division of Entomology 
11 Depart Australia 
These dates re la te to periods of substantive visits and revisits 
sometimes occurred. 
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Figure 4. Field sites visited with general directions of route 
(key: • = expected and found and also new records; 
o = expected but not found, 1800's to 1989). 
1.3 Curriculum vitae of the Fellow. 
F. Hugh Dawson works as a research biologist in the aquatic 
botany department of the Institute of Freshwater Ecology 
(Freshwater Biological Association) at the River Laboratory in 
Wareham, Dorset. The duties of which include fundamental and 
applied research into aspects of the vegetation, biology and 
control of water plants, particularly of r ivers, but also on 
aspects of their ecological physiology or metabolism, such as 
the exchange of oxygen and the effects on water flow on 
growth and development but also in relation to river water 
flows or hydraulics. 
2.1 Visits to Herbaria 
2.1.1 Western Australia Herbarium. 
Bruce Maslin, Acting Curator, hosted my visit to the 
Herbarium of Western Australia, 16.1.89. and discussion 
concentrated upon potential field sites and the contacts 
required to confirm or to elaborate upon specific details of 
sites at which Crassula helmsii and its very close and more 
common relative C. natans var. minus, had previously been 
found. Following examination of herbarium specimens found in 
Western Australia, with the able help of Sue Patrick, the Duty 
Botanist, and with subsequent telephone calls, it was found 
that:-
1. The oldest record for the plant (by Drummond in 1840) 
seemed unlikely to be the Swan River itself, as is written on 
only one of his three herbarium specimens but it could be from 
The Stirling Ranges or Porongorup Region the south of the 
Western Australia, as it was collected during his fourth 
collecting tr ip. The specimen although in a good condition was 
not convincingly Crassula helmsii (particularly because of the 
very short flower stalks) but it was not obviously another 
species; a similar conclusion was reached for the Kew specimen 
examined previously. 
2. The other record was recent (Eneabba Nature Reserve by 
Hnatiuk 1979). An aerial photograph of the site was later 
obtained from Ray Froend to assist in the search of this s i te . 
3. Another record which had been previously found in the 
l i terature was for a Lake King which in Western Australia is 
a very large drying salt lake in the 'southern sandplains' 
region. This record was found to be mistakenly attributed to 
this s ta te and should have been a record for Victoria. 
4. Specimens of the more common and closest relative Crassula 
natans var, minus were also examined and the lists of sites 
made to assist in chosing possible alternative areas to visit 
and to determine if there had been any taxonomic confusion. 
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Thus it was concluded that: 
1. local sites should be visited in the company of local 
biologists; 
2. a field trip should be made northerly to the Eneabba site; 
3. the route followed by Drummond on his fourth collecting 
trip to the Stirling Ranges, should be followed as closely as 
possible; and, 
4. a return route chosen which allowed for brief visits to sites 
at which C. natans had recently been recorded. 
2.1.2 The Botanic Garden of Adelaide and State Herbarium. 
Helmut Toelkan hosted my visit to the herbarium and 
discussion concentrated upon the genus Crassula of which 
Helmut has completed the most recent and comprehensive 
taxonomic review. Several aspects of the ecology of the genus 
were also discussed, particularly the habit and habitat in 
Australia of Crassula natans from South Africa, and also 
Crassula helmsii and their low seed number and its viability. 
This was followed by a field trip to Scott Creek Reserve in the 
Mount Lofty Range of mountains to the east of the narrow 
coastal plain upon which stands the city of Adelaide. 
Herbarium specimens of Crassula helmsii (35) C. natans 
(15) and C. moschata (3) were examined and site locations 
including any descriptions if available, were recorded to assist 
in identifying primary or alternative sites during field trips. 
A meeting was attended on progress being made with a 
series of books on the Flora of Australia in which c 6000 
species have been completed of the 19000 estimated number of 
species. It was suggested that if 80 botanists described 10-20 
species or groups per year, then it could be completed in 13 
years ie . 2002 A.D. ( the centennial of the confederation). 
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2.1.3 National Herbarium of Victoria 
Helen Aston hosted my visit to the National Herbarium, 
offering advice on collecting Crassula helmsii and providing me 
with a list of sites (c.120) at which she had found the plant. 
Discussion centred upon water plants in general (a subject 
upon which she has written a definitive book), our respective 
specific scientific interests and the different requirements of 
taxonomists to have available in herbaria specimens from as 
many field collections as possible with the requirements of 
ecologists for records of environmental data to be regularly 
collected with those specimens. 
Herbarium species of Crassula helmsii (80) and C. natans 
were examined and site locations including descriptions if 
available, were recorded, to assist in identifying a 
representat ive collection of sites to visit. The Botanical 
Gardens of Monash University, Clayton, were also visited. 
2.1.4 Tasmanian Herbarium 
My visit to the Herbarium was hosted by Tony Orchard, the 
Curator, and discussion concentrated upon Crassula helmsii and 
its distribution but included the possibility of "look-alikes" 
of which Myriophyllum pedunculatum was considered to be the 
most difficult and troublesome. Therefore specimens (22) of 
Crassula helmsii and Myriophyllum pedunculatum (particularly 
the sub-species var longibracteolum [Schnindler] Orchard) were 
examined in detailed. The distribution of Crassula helmsii 
included several islands in the Bass Straight to which access 
was difficult and it was therefore decided to attempt a North 
West to South East transect to cover a wide range of 
environmental conditions including alti tude and rainfall in the 
more natural areas of Tasmania. 
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2.1.5 Australian National Herbarium 
Judy West, the curator of the herbarium arranged for me to 
examine herbarium specimens of Crassula helmsii (c .23) , and 
Myriophylum pedunculatum (c 12). Discussions were also held 
with two German botanists H. Eichler and Bittrich. 
2.1.6 Canberra Herbarium at the Botanic Gardens 
Roger Hnatiuk, Curator of Canberra Herbarium, where 
specimens of Crassula helmsii (c 8) and Myriophyllum 
pedunculatum (c 4) were examined. His collection of Crassula 
helmsii from the site at Eneabba in Western Australia was also 
discussed. 
2.1.7 Herbarium of New South Wales, Sydney 
During my brief visit to the Herbarium, specimens and site 
references were recorded for Crassula helmsii (c 40), Crassula 
natans (4) and Myriophyllum pedunculatum (7). The cover of 
the file on Crassula helmsii suggests there has been difficulty 
in distinguishing it from Stellaria palustris var tenalla. 
2.1.8 Department of Botany, University of New England, 
Armidale, New South Wales. 
The local distribution of Crassula helmsii was discussed 
with Margaret Brock, who provided detailed maps of locations; 
the possibilities for further studies on the ecology of Crassula 
helmsii were also discussed. 
Specimens of Crassula helmsii (4/5) were examined in the 
Herbarium of New England in the Botany building. 
2.1.9 Queensland Herbarium, Brisbane 
Specimens of Crassula helmsii (3) and allied species of 
Crassula and its "look-alike" e .g . Myriophyllum pedunculatum, 
were examined and their locations recorded. 
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2.2 Visits to researchers 
2.2.1 Perth, Western Australia 
Andrew Storey hosted my visit to the Aquatic Ecology section 
at the Zoology department of the University of Western 
Australia. A field trip along part of the Swan River to the 
Helena Valley (Tierse Gulley, below Pipe Head Dam in 
Kalamanda National Park) and Kanning (31 Mile Creek, by the 
guauging station and Glesayles, Unoth and Dandeloch New Dam) 
catchments enabled the very distinctive terrestrial flora of 
Western Australia to be observed in semi-natural conditions 
(almost the entire area has been logged for the timber of Karri 
and Marri trees) in addition to the somewhat limited growth of 
aquatic flora in forest streams to be observed. Almost all 
streams and rivers of the Darling ranges (running North/South) 
have been dammed but compensation water or "pumpback" 
schemes are in operation to maintain stream fisheries (and 
f lora) . The anamalous situation occurs in which restr icted use 
and access of catchments to maintain water quality in 
maintained but pumped back of enriched water (together with 
many pesticides) towards or into reservoirs, is undertaken by 
the same water undertakings. 
Dr. D.I. Walker hosted my visit to the Botany department of 
the University of Western Australia and arranged for me to see 
Dr. Jenny Davis at the Biology department of Murdoch 
University. A general discussion with Dr. Walker comparing 
the hydraulic characteris t ics of sediment retention and 
phosphate balance of freshwater Ranuculus species in the U.K. 
with the marine seagrasses e .g . Amphibolis of Western 
Australia. Both plants are subject to high water velocities, the 
former to 2m/sec and the lat ter up to 4m/sec (8kts) but the 
direction of flow also alters daily (with the t ide) . A field 
trip was organised to visit both the local freshwater and 
coastal saline lakes. The local lakes are often drawn-down to 
lower the water tables in surrounding areas and therefore allow 
urban development, but they are also enriched by waste water 
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from septic tanks. In agricultural areas there are many dark or 
"blackwater" lakes e .g . Harvey River flats, which are the 
result of the leaching of tannin substances from the soils but 
they are also often extremely high (up to 30 mg. 1-1) in 
phosphates arising from fertilizer application. In general from 
being full in November, these lakes dry almost completely by 
May. The aquatic flora is sparse or absent but these lakes are 
typically surrounded by stands of Melalucca and Leptospermum. 
Some lakes are "perched" on underlying rock and give raised 
peaty swamps. 
Discussions with Dr. Walkers co-workers: Jane Chambers 
working on optimum position and water depth required by 
marginal plants to optimise revegetation of gravel pits; Ray 
Froend working on competition between Typha and Bamia in 
relation to water depth in drawn-down lakes. 
Jenny Davis of Department Biology, Murdoch University. 
Discussion on the techniques for studies on the hydraulics of 
freshwater animals particularly snails and the implication for 
distribution in flowing waters, low or minimum flow regimes and 
invertebrate monitoring. Discussion with members of her 
team:- Mark Lund using aluminium sulphate to reduce nutrient 
loading and the algal production and thus the midge fly 
production; 
Shirley Balla previously working with Keith Walker (see below) 
on eco-hydraulics of Murray River Swan-mussels; 
Sue Herrington, optimising pesticide doses by the bet ter 
positioning of spraying equipment during midge control 
operations on lakes in urban areas. 
David Coates at the Wildlife Research Centre,Conservation and 
Land Management at Waneroo. Discussion on electrophoetic 
techniques for isoenzymes to analyse for possible genetic 
variation in plants of Crassula helmsii collected during the 
Fellowship. The choice of plant tissues e .g . flowers and their 
seeds, actively growing shoot type, was discussed in detail 
together with cyropreservation technique (-70 c ) . 
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2.2.2 Adelaide, South Australia 
Dr. Keith Walker hosted my visit to the University of 
Adelaide and arranged with Andrew Bolton for accomodation in 
Lincoln College. Keith Murray, an aquatic zoologist, is part 
of the River Murray Laboratory, an assemblage of University 
researchers, studying the ecology and water management of the 
River Murray. This river rises in the East of Australia flowing 
some 1000 km across and forming the boundary between the 
s ta tes of New South Wales and Victoria before entering South 
Australia. Its use particularly in irrigation is such that it 
rarely flows into the sea but seasonaally fills part or all of 
large elongate drying coastal lake (100 km), the Coorong. The 
River Murray Laboratory is currently being funded to study (1) 
the effects of continual removal of "snags" or t rees , washed 
into the river because whilst they provide good h a b i t a t and 
variety for biota they interfere with boating and water 
regulation structures; (2) the timing, rapidity and extent of 
opening of regulatory weirs in relation to sedimentation 
channel charge and to effects on distribution of biota; (3) 
stastical synopses of data on flood regime and its consequences 
for the breeding cycles of native fish populations. For 
example, it is considered that the Murray Cod is an 
opportunistic breeder and responds to flooding but because 
such events are being controlled out of the system by 
stabilising water levels and supply, it is becoming less 
common. 
Other discussions with members of the University - Alan 
Butler, a marine ecologist, interested in short and long 
distance distance dispersal of organisms, and in population 
dynamics - Martin Thomas, zoology department, interested in 
hydraulics and classification of plant stand. 
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Dr. George Ganf, an aquatic botanist, is also associated 
with the River Murray Laboratory but working on general algal 
and higher plant studies including; the effects of water depth 
on plant species in determining the dominant plant population 
of lakes; flood hydrology and dam frequency of River Murray in 
relation to the species distribution of marginal trees e .g . 
Redgums and the introduced Weeping Willow (the fall of this 
river is only 3 m in 60 km but dam opening causes a graduation 
of change from rapid velocities and rises in water levels near 
the dam to near stable conditions at midway between; the 
comparative absorption of light (with scattering) by 
phytoplankton and macrophytes in the visible light spectrum; 
experiments on experiments on the role of the amino acid, 
proline, as an internal store for nitrogen also its elevation in 
proportion to salinity, in salt tolerant plants e .g . Triglochin 
spp. 
2.2.3 Melbourne, Victoria 
My visit to the University of Melbourne, Parkville, was 
hosted by Prof.Torn McMahon, of the Centre of Environmental 
Applied Hydrology, but organised by Nancy Gordon. I was 
extremely grateful to Dr. Brian Findlayson for arranging 
accomodation . Aspects of hydraulics and hydrology were 
discussed with members of the department including; 
- Tom McMahon, on hydrological anomalies of Australian rivers 
and catchments in the world context; 
Ian O'Neil, a fluid mechanist, on hydraulic resistance of 
objects of varying shapes in flowing water, the use of 
momentum equations and particularly a project on the removal 
or otherwise of log snags from the River Murray; 
- Richard Marchant of the Museum, an aquatic ecologist, on 
land-water interactions particularly the contrast between 
forested and areas cleared for grazing; 
- Rory Nathon on low flow hydrology predications for small 
catchments with no stream flow records; 
- Roger Stillwater on ground waters. 
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Attended a meeting of Melbourne branch of Australian 
Society of Civil Engineering (ACADS) on computerising flow 
studies and prediction. 
Monash University at Clayton 
Sam Lake of the Department of Botany and Zoology in the Centre 
for Stream Ecology, hosted a brief to the University and the 
Botanical Department gardens (and in which Crassula was 
found). Stream biology was discussed and particularly the 
potential sites for Crassula helmsii especially one site Piran 
Yolloch where a saline gradient from fresh to crystalised salt 
was known to exist (and the subject of a previous animal 
study) and in which the plant occurred. 
2.2.4 . Hobart, Tasmania 
Peter Tyler of the Department of Botany hosted my brief 
visit to the University and provided me with valuable advice 
and detailed maps of potential collection si tes . The flora and 
the limnological aspects of Tasmania were discussed. 
2.2.5 Griffith, New South Wales 
John Sale hosted my visit to the laboratory of CSIRO 
Division of Water Resources and chaired a round table 
discussion with the staff and the local weed control biologists. 
He introduced me to his colleagues including; 
- Kath Browmer for discussions on the effects of salinity and 
hydrology of drainage areas, the role of reeds in 
de-nitrification and phosphate uptake, the problems with 
introduced aquatic weeds, concern over Alternatheria 
philoxeroides and, the distribution and problems associated with 
aquatic weeds in channels. The latter included Crassula helmsii 
such as the recent increases reported in the Rochester area of 
Victoria e. g.Karawanga Main Channel and where Laurie Jakel 
reported it growing as an obstruction to flow in many local 
channels. It was formerly (1960's) considered to be a desirable 
species but it is now 'not uncommon' to see it growing to the 
surface in drainage channels. Field trial results from Jim 
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Wilding suggest that the best control is by applications of the 
herbicides 2 ,4 , - D,or glyphosate (at heavy dose ra t e s ) . A new 
herbicide, Bensulphur Methyl (a Sulphonyl urea compound), was 
being given field trials at the laboratory. A new gas 
permeable membrane by DuPont which is resistant to algal 
settlement is now available and being tested by U.S.Army 
Corps of Engineers for shade control of aquatic plants; this 
work parallels experiments undertaken at the River 
Laboratory. 
General discussion ( John Sale, Kath Browmer, Lars 
Anderson Mike Bolton) on the possible resistance of Crassula 
helmsii to acrolein, a widely used herbicide, and which could 
result in its increase as most other plants e .g . Elodea, are 
susceptible. Other topics included water supply measuring or 
Detheridge Wheels and the possible allopothathic interaction of 
water plants; 
- Phil Eberboch, a research fellow studying the potential for 
growth of Alligator Weed Alternatheria philoxeroides in New 
South Wales; 
- Alan Chick, the use of a novel arrangement of emergent/reed 
swamp macrophytes e .g . Schoenoplectus validus, for nutrient 
removal for small or local-scale applications of 3 m3 per 
person and which gives excellent effluent after one year for 
establishment. Further discussion on senescence of reedswamp 
plants in colder climates not found in the higher temperatures 
of New South Wales. 
- Mike Boulton a weed advisary biologist from Denilquin area, 
on the approaches to control of Crassula in his distr ict . 
A lecture was given on the work of the aquatic botany 
department of the River Laboratory. 
Contact was also made with local Australian Churchill 
Fellows. 
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2.2.7 Albury-Wodonga, New South Wales 
My visit to the Murray-Darling Freshwater Laboratory was 
hosted by David Mitchell, the Director, with whom I discussed 
the work of the laboratory and aspects of aquatic weed 
growth. He introduced me to his colleagues for discussions 
including; 
- Brian Sorrel, discussion on the physiology of aquatic plants 
and the role of CAM (Crassulacean Acid Metabolism) 
- lecture on Phragmites. 
- Terry Hillman, officer-in-charge of laboratory, on the fauna 
of flood-plain lakes and absence of seasonality but 
opportunistic breeding in response to flooding. 
A lecture was given on the work of the aquatic botany 
department of the River Laboratory. 
2.2.8 Canberra, ACT 
My visit to Canberra was hosted by Frances Michealis of the 
Wildlife and Conservation Department and she assisted with 
arrangements to visit the following for discussion: 
- Tony Brown a biochemist from CSIRO Division of Plant 
identity, for discussion on isoenzyme techniques, apparatus and 
problems with the 'condition' of enzyme systems prior to assay 
especially the need to culture or germinate in plants. 
- Bob Gault, microbiologist and secretary to the local 
Churchill Fellows Group in Canberra, discussed salinization of 
soils due to removal of forest and rising water levels bringing 
salt to the surface and currently to the developing problem of 
acidification of soils by phosphate and nitrate additions. 
- John Kirk on light penetration of water and its measurement 
especially with the spectra of turbid water with low 
background values and high scattering of light. 
- Cliff Irving discussion on field tests for nutrient content 
of crops. 
A visit was made to the Winston Churchill Memorial Trust 
Office in Canberra where Rear Admiral I.H. Richards and Elvie 
Mundy welcomed me and discussed my project and travel . 
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2.2.9 Brisbane, Queensland 
Visit to CSIRO Division of Entomology. Discussion with Ken 
Harley and Peter Room on the possibilties and the techniques 
for the biological control of Crassula helmsii in the U.K., 
where the situation with the introduction of species for 
biological control has not been fully resolved. The quandry of 
effective biological control is that when the agent is in 
balance with its target , then this agent is very difficult to 
find. 
Discussion with co-worker Matthew Purcell, a research 
fellow, studying the possible natural control agent for 
introduced weeds in USA and who is regularly monitoring lakes 
around South East Queensland. 
2.3 Visits to field sites 
2.3.1 Western Australia 
Visits were made to three main areas, firstly, to lakes (9) 
in the coastal plain and to streams (4) draining the western 
slopes of the Darling Range in the Perth area; secondly, 
northwards to the Eneabba site visiting some of the coastal 
lakes (3) , inland water storage reservoirs (2) and drainage 
lake areas (3) , returning south along a parallel route l-200km 
further inland visiting streams(6) ponds, lakes, and reservoirs 
(4); and thirdly, following Drummond's route south-easterly 
along the King Georges Sound road (now Great South Eastern 
Highway) visiting streams (6) and lakes (2) and following his 
diversion through the Stirling Ranges and the Porongorup 
Mountains before reaching the coast; the return route to Perth 
was further to the west visiting other lakes and ponds (6) . 
(a) The lakes in the coastal plain could be divided into two 
types, saline and dark water, but Crassula helmsii was not 
found in ei ther. This was not surprising for the saline lakes 
were almost devoid of vegetation except for some extremely 
resistant rushes Junus (crassii?) or surrounded by succulent 
Samphires around their margins where salt was crystalising out. 
The other lakes were either greatly affected by agricultural 
enrichment, by septic tank drainage or by lowered water levels 
or by all three; such lakes were at one extreme vegetated by 
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reed or rush e .g . Typha and Bamia, or by excessive growth of 
submerged plants e .g . milfoil (Myriophyllum), or to the other 
extreme by their natural vegetation of marginal Eucalyptus 
trees or bushes of Melaleuca or Lepidospermum. The coastally 
draining streams were mainly forested but in openings in the 
tree cover Stonewort (Chara), milfoil (Myriophyllum) and 
various water lillies (Nymphacae) were found. 
(b) The coastal lakes to the north were similar to the saline 
lakes already mentioned but often with broader drying marginal 
meadows covered by crystalising salt but with Samphires and 
outer marginal zones of other emergent plants particularly 
spikerushes (Eleochoris) and other rushes (Junus). 
The presumed site for Crassula helmsii in the Eneabba 
Nature Reserve, situated in the south of the botanical area 
called ' the Northern Sand Plains and Heath', was a shallow 
dried-out depression in coarse sand. Examination of the site 
revealed no Crassula spp or obvious remains amongst other dry 
annual plants. The site itself was surrounded by Eucalyptus 
(todtiana) trees and palm-like Macrozamia, together with many 
dead Bottlebrushes (Banksia hookerana and B. a l ternuata) . 
(Soil samples were returned for germination trials but no 
crassulaceans have grown to da te ) . 
The lakes and streams visited in the 'Wheatbelt', area 
southwards and inland from Eneabba towards the 'Stirling 
Range' area were in general dry or salty or both, with no 
Crassula or other vegetation of particular significance. In 
general the plants were mainly agricultural weeds of which 
species of Paspalum were common although stream margins were 
sometimes vegetated by reed mace (Typha) or species of rush 
(Junus) (c) The route to the Stirlings in the southern 
'wheatbelt' was dryer than the coastal areas but became wetter 
nearer the coast . No Crassula helmsii was found in the 
botanically varied Stirling Range National Park or the 
Porongorups but Crassula natans was found firstly in a gently 
sloping shallow lake off the Albury Highway near the coast. At 
this site C. natans occupied a fairly wide band of c 7m around 
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the margins of the lake from the water level to + 0.3 m above 
i t . The density of shoots was fairly high (65 shoots per m2) 
giving 50% cover of the rich organic soil of the margins. C. 
natans was found at three other similar sites in this region 
but not Crassula helmsii. A variety of plants were found in 
association of which yellow button (Cotulus), a small purpled 
flowered Labiate{?), a yellow vetch and a dwarf species of 
rush (Junus) were probably the most common. 
2.3.2 South Australia 
Crassula helmsii was first found growing amongst reeds 
(Phagmites australis) on the banks of a small shaded stream, in 
Scott Creek Nature Reserve in the Mount Lofty range of 
mountains to the east of Adelaide. The vegetation at this site 
was almost entirely European weeds, bushes and trees with the 
exception of some Eucalyptus t rees, but C. helmsii did not 
seem to be growing with the vigour that it has done in Britain. 
C. helmsii was also found growing around the sloping margins 
of an artificial lake in . the region. 
Summarising the occurance of C. helmsii along the broadly 
south easterly direction taken to the border with Victoria the 
plant was found; 
(1) in the greatest abundance in or dominating the margins of 
slowly flowing inland drains (3) or growing across their drying 
beds in ungrazed sections. The associated vegetation was 
limited to agricultural weeds and occasional other aquatic 
plants. The plant density at one of the sites could be 
considered to impede rate flow sufficiently to require control 
of the plant. 
(2) in the margins of lakes particularly the 270 ha drainage 
lagoon at Bool, nr. Naracoorte and in which it codominated 
with the emergent form of Water Ribbon (Triglochin procera); 
C. helmsii was also present in the aquatic form in water depths 
to 0.6m and was competing with Red Duck weed, a water fern, 
Azolla filiculoides; 
(3) at stable sites e .g. roots of trees or bushes, in the 
margins of rivers particularly the River Murray where the 
plants were loosely associated with a variety of vegetation 
particularly reeds (Phragmites) rushes (Junus, Banna) and 
native bushes (Melaleuca?). 
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C. helmsii was not found at the margins of the semi-saline 
coastal drains or the estuary of Lake Albertina, even though it 
had previously been reported for the latter and also some of 
the plant species were similar to that at which the plant was 
found. Likewise the plant was not found on or around the 
seasonally hypersaline lakes of the Coorong area on the south 
west coast . 
2.3.3 Victoria 
Visits to sites in this s ta te were divided into four trips: -
(a) the continuation of the south-easterly journey from 
Adelaide to Melbourne via the Black Mountains; 
(b) a visit from Melbourne south-westerly along the coast and 
inland to the Lake Corangamite area in the north of the 
Geelong-Bellarine Peninsula; 
(c) a visit south-westerly from Melbourne to the Dandenong 
area and towards the Mornington Peninsula; and 
(d) brief site visits on the journey from Melbourne to Griffith 
in New South Wales. 
The first series of visits included four lakes and 
reservoirs in which C. helmsii was found in three, a town lake 
(50 ha) enriched by effluent, a very large upland reservoir 
(8000 ha) and a small balancing-water supply reservoir 
(c30 ha); the other being a large semi-saline drainage 
reservoir. C. helmsii was found growing on the sloping margins 
at densities varying from very high on the gentle slopes 
surrounding one lake to very low densities in the cat t le 
trampled zone of another but which had a vertical range of + 7 m 
from the water level ;the latter showed coloured bands of 
C. helmsii dried to differing degrees under the highly variable 
water-operation regime. 
The second series of visits included channelised rivers and 
drains (8) a formerly closed catchment lake system used for 
water supply and a bird reserve, all of which are in an area 
recently becoming increasingly industrialised. C. helmsii was 
only found at one of these si tes , a damp flood relief channel 
in which it was growing luxuriantly almost under a road 
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bridge. The remaining channels were in general in varying stages 
of pollution with only the most resistant of aquatic vegetation 
remaining. The water chemistry reflected this as phosphate or 
ni trate were detected, hydrogen sulphide gas was being 
released from the beds of some of the rivers and the water was 
in general turbid and the vegetation almost restricted to 
filamentous algae. 
During the third visit to the west of Melbourne, Crassula 
helmsii was found at several (7) sites on river and drainage 
channels including along the banks of the streams with a saline 
gradient at Piran Yolloch. It was not found in either of the 
slightly saline Lakes Modewarre or Colac. The aquatic 
vegetation in this area was varied and included several species 
regularly occurring at sites with C. helmsii ; these include 
Yellow button (Cotulus) a li t t le Strapwood (Triglochin str iata) 
reed (Phragmites australis) and a variety of small spike- and 
other rushes, together with occassionals such as water fern 
(Azolla), a yellow vetch (Lotus) , knotweeds (Polyganum) and 
a variety of mainly unidentified grasses. 
The fourth trip only included two lake sites on which the 
plant was only found amongst reed (Phragmites) on the margins 
of Lake Nagambie but not amongst a variety of aquatic plants 
on the horse-grazed margins of a lake to the north of Seymour 
on the Goldburn Valley Highway. 
2.3.4 Tasmania 
Visits included a minor trip south along the coast from 
Hobart, across the Snag Tiers mountains along a section of the 
Huon River to visit the Hartz mountains and a major trip to 
the west coast returning via the centre of the island and 
finally visiting the south east coast returning to Hobart. 
During he first trip several (6) rivers and streams, ponds 
and alpine pools (5) were visited over a range of altitudes 
from 1000 m but C. helmsii was only found at one lowland s i te . 
This site was on a recently burnt area on the margins of a 
large swamp (10 ha) on the banks of the Huon River and in 
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which C. helmsii was colonising the bare wet organic-rich soil 
areas codominantly with Myriophyllum pedunculatus. The 
remaining short rush vegetation was varied but included other 
herbaceous aquatic species e .g . ragwort, hairy willow herb. C. 
helmsii was not found at higher altitudes in the roadside or 
alpine pools of either Snug Tiers or the Hartz mountains but 
M. pedunculatum was common or dominant in these lat ter 
pools. 
The major trip firstly involved searches of the margins of 
the Derwent River (near both Bridgewater and Risdon) and 
Crassula helmsii was found as a minor component in close 
association with the reed (Phragmites australis) on the 
estuarine banks of this river. The tidal range and the risk of 
unindation by sea water is very slight in the south of the 
continent in general, and therefore a greatly truncated sere of 
plant communities can develop with C. helmsii considerably 
closer to the sea level than previously anticipated. Several 
streams (5) and lakes (8) were visited on the journey to the 
west coast but C. helmsii was only found at two sites, one a 
new record in a wetland area of a regulated reservoir and the 
other on rocks in a previously seasonally river, River Nive. 
The former site had a high density of C. helmsii similar to that 
found in Britain and with similar s tructure to its plant 
communities i .e . rushes and sedges (Junus and Carex) with 
Iris, and other herbaceous aquatics (Ivlyosotis, Alisma) 
occasional stands of reed mace (Typha), but differed from 
Britain in that a short emergent Milfoil (Myriophyllum?) was 
codominatant with C. helmsii. At the lat ter river site, C. 
helmsii was an occasional found growing in rocky pockets in 
the main channel of the river. The plant was not found in the 
expected most westerly s i te , a coastal stream at Strahan, but 
this site was unexpectedly found to be dominated by large 
quantities of a Starwort (Call i tr iche). Myriophyllum 
pedunculatum was found at many of these sites visited 
especially those at higher alti tudes, including Lake St. Clair; 
the lat ter was another site at which C. helmsii was expected 
to occur but although there were many of those species of 
plant (see above) becoming to be considered associates of C. 
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helmsii, the lat ter was not present. On the easterly return trip 
C. helmsii was found at a further five out of eight stream and 
channel sites in central and south-eastern Tasmania but not in 
any of the lakes(3) although potential habitats at these were 
visited. 
2.3.5 New South Wales 
Visits were made to sites in (1) the Griffith area (2) the 
Albury-Wadonga area on the s ta te border (3) the Mount 
Kosciusko and Snowy River National Parks (4) the Canberra to 
Sydney area across the Lake George and Morton National Parks 
(5) a north easterly trip from Sydney to Mount Kaputar, and 
(6) Armidale area to Brisbane. 
In the Griffith area Crassula helmsii was found on the 
sandy slumped banks of a drainage channel in which slightly 
salty water was flowing moderately fast but not in a similar 
sized supply channel in which water was more turbid. A 
floating matt was also observed in Lake Wyangan, a drainage 
lake whose margins were dominated by stands of reed mace 
(Typha). A field trip from Albury to sites at which C. helmsii 
had previously and regularly been found was not successful 
although a great variety of aquatic and marginal vegetation 
was observed. 
The journey towards and through Mount Kosciusko National 
Park lead to its discovery at several river, stream and lake 
sites including Nariel Creek, the Upper River Murray at Tom 
Groggin, a large nearly dry reservoir at Khancoban with tens 
of hectares of short drying C. helmsii and Diggers Creek 
stream which leads to the Snowy River;this is the highest 
al t i tude, 1510 m, at which C. helmsii was recorded. The 
underwater form of C. helmsii was found washed up on the 
margins of Lake Jindabyne, an artificial reservoir, indicating 
that there was a substantial underwater stands of the plant 
somewhere in the lake. Stream and margins to the north of 
the lake also contained stands of the plant as did streams 
around Cooma, and the River Murrumbidgee as it flowed 
northwards towards Canberra before turning westwards to the 
great Murray-Darling basin irrigation area previously visited. 
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Only two occurrances of C. helmsii were found between 
Canberra and Sydney despite visiting several (10) streams and 
rivers. The first was north of Canberra on the River Yass a 
small stream draining agricultural land, whilst the other was on 
the upper Shoalhaven River in an area where in general the 
streams were densely shaded by native woodland. Myriophyllum 
pedunculatum was recorded for some potential C. helmsii sites 
but in genera! it was difficult to see the clear reason for 
either species to be present in these streams. 
Crassula helmsii was not recorded at sites between Sydney 
and Mount Kaputar but this could be attributed in part to 
agriculture. 
An exceptional red flowered Crassula (helmsii?) was found 
growing by a small drying stream at Jokers Spring near the 
Plains of Heavens and further studies are in hand to determine 
if this should be a new species, subspecies or just a variety; 
it has been suggested that this area has previously provided 
interestingly different plants possibly as a result of its 
geographic isolation from similar habitats . 
Two of the three sites of C. helmsii visited in the 
Armidale region were similar to others previously found i .e . a 
marginal zone along a river and in rock pockets in the 
channel, but at Llangothlin Lagoon large meadows of C. 
helmsii were found at a level of 0.15 0 0.3 m above the summer 
water levels; these qualities were similar to those for British 
shallow lakes. 
The northerly limit for C. helmsii was extended further by 
the discovery of the plant at Tenterfield which is almost on 
the Queensland border and near the northern limit of the 
Tablelands. Visits to more northerly sites were not successful 
in finding further occurrances and a small erect Milfiol 
(Myriophyllum) was common in the niche in which C. helmsii 
was expected. 
3.1 The distribution of Crassula helmsii in Western Australia 
Crassula helmsii was not found in Western Australia despite 
visiting sites which were similar both in type and in their 
plant associations to those at which this plant was 
subsequently found in other states; its close relative C. natans 
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was however however found in several of the sites at which C. 
helmsii was expected to occur. Thus it seems reasonable to 
conclude that it is not native to this s ta te , indeed even those 
reported occurrences, could have been short lived 
introductions. 
The absence could be related to 
1. elevated salinities of waters 
2. elevated temperatures especially north of Perth where 
30°C - 35°C is not uncommon and air temperatures reach 
45°C 
3. the sites considered optimal are, if natural, well shaded by 
marginal stands of Melaleuca, e t c . or they are grossly 
disturbed by man eg agriculture 
4. water level changes are rapid, rarely stable and often 
significantly lowered by drying 
5. organic debris layers overlay many pond margins; these were 
thick and easily disturbed especially in the more temporary 
pools 
6. there was a proponderance of agricultural and grazed stock 
watering and irrigation ponds. Other ponds were used for 
water drainage from irrigation schemes or for road drainage 
and were ephemeral. 
3.2 The distribution and natural habitat of Crassula helmsii 
in Australia 
The distribution of this plant in Australia has been 
confirmed as extending from the east of South Australia to the 
West coast , from near the south of Tasmania to a li t t le further 
north in New South Wales than previously considered but not 
into Queensland. The distribution records for the plant in 
Western Australia has not been satisfactorarily explained 
although it could have been accidently introduced from the 
eastern coast as indicated by its ability to spread by seed or 
fragment by its distribution around saline estuaries and by 
experiments on the saline tolerance of its stems. 
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The plant has a simple basic form but still shows a variety 
of leaf form which vary in proportion from narrow to broad 
with blunt to tapering tips, and in flower colour with at least 
one red flowered form in contrast to the normal white. The 
plant size and habit varies with its environment but under 
optimum conditions arial stems with support of the vegetation 
may be up to 0.4 m in height. 
The plant can grow in a variety of habitats from 
intermittent or drying streams and ditches , to lake margins 
from underwater to several meters above the water level in 
particular circumstances. It can tolerate reasonable degrees 
of interferences such as trampling by ca t t l e , erratic river 
flows but not saline or hypersaline conditions unless it can 
become established in freshwater conditions and grow above 
levels of saline inundation. It is able to colonise areas 
rapidly e .g . following fire but does not seem to be able to 
withstand competition from large plants such as reeds (e .g . the 
situation in Bri tain) . There are distinct associations of 
plants which are often found at sites where it frequently , 
occurs. Its habitat requirements overlap with those of 
Myriophyllum pendunculatum in the cooler south, east and at 
higher alt i tudes, with another emergent species of 
Myriophyllum in the north and probably with its close relative 
Crassula natans in the west. 
Analysis of habitats in which this plant is found suggests 
initially that it prefers to grow at water level but can 
tolerate varying water levels of many meters in moist 
conditions. It cannot tolerate high velocities but will develop 
in channels subject to such velocities during periods when the 
flow is slow. It will grow near but not in sea water in 
estuaries. It will grow at all altitudes up to C. 1500 m in 
Australia; the influence of frost or snow was not determined 
although the plant is known to have some resistance to frost. 
It will tolerate a variety of water qualities from those of low 
conductivity to those slightly saline with a range of nutrient 
levels but not if very polluted. 
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Although many populations of C. helmsii were examined for 
potential biological control agents i . e . animals or 
micro-organisms none were actually found and indeed the main 
limit to growth in Australia seemed to be drying. It was 
reported verbally that a looper caterpillar was seen sitting 
upon plants in South Australia and this is being investigated. 
The tentat ive conclusion to the wide spread invasion of 
British wetland sites is that these sites offer near optimum 
environmental conditions for Crassula helmsii growth on a near 
continuous basis with l i t t le cessation or dieback, and continued 
presence throughout the winter Australian sites reach the 
optimum condition but some do exist and closely resemble 
those sites colonised in Britain. Further careful examination 
of the data from specific areas remains to be undertaken when 
the area of origin of the British strain of Crassula helmsii has 
been resolved. 
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